CD 

CD 
O) 

o 

Q. 
LU 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(12) 



(n) EP 0 754 796 B1 

EUROPEAN PATENT SPECIFICATION 



(45) Date of publication and mention 
of the grant of the patent: 
08.12.1999 Bulletin 1999/49 

(21) Application number: 96401222.3 

(22) Date of filing: 07.06.1996 



(51) Intel e D04H 13/00 



(54) Nonwoven laminate fabrics and processes of making same 

Vliesschichtstoffe und Verfahren zur Herstellung 

Etoffes non-tissees statifi§es et procede pour la production 



(84) Designated Contracting States: 
DEFRGBITSE 

(30) Priority: 06.07.1995 US 482739 

(43) Date of publication of application: 
22.01.1997 Bulletin 1997/04 

(73) Proprietor: FIBERWEB NORTH AMERICA, INC. 
Simpsonville, SC 29681 (US) 

(72) Inventors: 

• Lickfleld, Deborah K. 
Easley, South Carolina 29640 (US) 



• Littman, Stanley 

Roswell, Georgia 30075 (US) 

• Watt, James M. 

Piedmont, South Carolina 29673 (US) 

• Hyslop, Robert F. 

Simpsonville, South Carolina 29681 (US) 

(74) Representative: Ores, Bernard et al 
Cabinet ORES 
6, Avenue de Messine 
75008 Paris (FR) 



(56) References cited: 
EP-A- 0 674 035 
US-A- 4 863 785 



WO-A-93/15251 



Note: Within nine months from the publication of the mention of the grant of the European patent, any person may give 
notice to the European Patent Office of opposition to the European patent granted. Notice of opposition shall be filed in 
a written reasoned statement. It shall not be deemed to have been filed until the opposition fee has been paid. (Art. 
99(1) European Patent Convention). 



Printed by Jouve, 75001 PARIS (FR) 



10 



15 



20 



25 



35 



40 



45 



EP 0 754 796 B1 

Description 

Field of the Invention 



[0001] The invention relates to nonwoven fabrics and to processes for producing non woven fabrics More specificallv 

ISSS^ t0 composite nonwoven fabrics having barrier properties w * ch are 



Background of the Invention 



[0002] Nonwoven fabrics and fabric laminates are widely used in a variety of applications for example as comoo 
nan s of absorbent products such as disposab.e diapers, aduft incontinence pads" and sanity ^JE Si 
appltcations such as surgical gowns, surgical drapes, sterilization wraps, and surgical face masks and in other nu 

ISST TEST- T 38 diSP0S8b,e WiP6S ' indUS,ria ' 9armen,S ' hOUSe wap ' carpete and^alon media 
[0003] By combining two or more nonwoven fabrics of different types, nonwoven fabric laminates have been devel 

ZJZ\l Vane,y ° f SP f f C ^ USe aPPliCa,i ° nS - F ° r eXample ' nonwoven ba " ier furies have been de^ed I n 
impede the passage of bacteria and other contaminants and which are used for disposable medical fabric? suS as 

[0004] Barrier fabrics can be formed by sandwiching an inner fibrous web of thermoplastic meltblown microfibers 
C ZZ°JZ1 ' n T° Ven ^ ° f SUbStentia " y C ° ntinU0US therm ° plastic spunb °" d <£ filaments. Z fibres me 
of such fabr.cs are described in U.S. Patent No. 4,041,203 and U.S. Patent No. 4,863,785, and EP-A^ 674 035 

microfibers having an average diameter of about 1 .8 to 3.0 microns and higher. In addition, the meltblown layer typical 
has a basis weight of about 20 to 40 grams per square meter. typically 
[0005] Current industry standards require that laminate fabrics used for barrier purposes provide a predetermined 

° f ,8briC ^ aif b ° me cont ™*- The P ,eve. of bJTj^SSJSSS 
can depend upon the particular end use application of the fabric. Many laminate fabrics currently availab.e cannoS 

30 h 1° reqUlfementS f0r 3 partlcular end use a PP'^ation. In particular, U.S. Patent No. 4,863,785 to Berman eTaf 

Z oTeLld nT ^ " ' amina,e ^ COmpMsed ° f 9 M ™ nonwoven sandwiched betwe n 

wo prebonded nonwoven re.nforcmg layers. The Beiman Patent teaches the use of grooved helical rolls to bond the 
lammate structure in a continuous fashion, thereby decreasing the incidence of lose fibers c«S* in 
which ,n turn yields an improvement in the barrier properties of the laminate fabric. However 2 sZZ retire 
does not disclose a method by which to improve barrier properties to such an extent that double wrapp ng is no Wr 
required Sim.lary, EP-A-0 674 035 teaches an improvement in the meltb.own layer of a S/M/S con truct o'n hoover 
requ"ed * ^ ^ are n0t prwided ' and dual wa PP"9 is t^eZstil 

[0006] For example, a single sheet of currently available barrier laminate fabric typically cannol meet all standards 
for bamer fabrics used as a sterile wrap. To provide the required degree of protection against penetSn o t e ste Je 

Z iSdT °Zr Xamha T.' CU T indUStfy StandardS reqUife that SU ^ ical inst ' ments and o her ms 
TT h k h ■ T aPP ' ' 6 ' tHat 31 leaSt ,W ° Sheets of the ,aminate fabric ' to a predetermined size and 
shape, each be individually wrapped about the instruments and secured before sterilization 

f^r?H« nd l! Sl H ry f ndardshave recen,| y allowed »» °' a single sterile wrap formed of two sheets of a trilaminate 
fabric described above sonically bonded about the periphery thereof to form an integrated "single" shee Ts can 

loZl^Z:: lab0r rt inV ° ,Ved in ConVen,iona ' or wrapping and securing a first sheet of steri^ ^ wrap 

followed by wrapping and secunng a second sheet of sterile wrap about the objects to be sterilized However There 

does w° b W | ,h inte9fa,ed d ° Ub,e ' ayer Sterile Wrap " such as inc ' ea ** d ^iffness alongTe bonded 
edges, which can resist lateral folding of the sterile wrap. 

[0008] Accordingly, despite these and other laminate fabrics which are currently available it would be advantaaeous 

a ESS 3 H m ' na ? ? h8Vin9 barri6f PrOPertieS ' addi,i0n ' * W0Uld be «*irtWloC3^ 

a laminate fabric which can be used as a single sheet to wrap objects which are to be subsequently steXed and 

55 Summary of the Invention 

TLtTa^n'ZTlTfZ n °Tr n ' aminate <abriCS WhiCh haVe SUperior barrier P r °P ertie s. and which 
are flexible and soft. The laminate fabrics of the mention can be used as components in any variety of nonwoven 
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products, and are particularly useful as barrier components in medical fabrics, such as sterile wraps, surgical gowns, 
and the like. 

[0010] The laminate fabrics of the invention include a nonwoven web of meltblown microfibers having a basis weight 
between about one and twenty grams per square meter, and preferably between about one and twelve grams per 
5 square meter. The meltblown web further includes a plurality of thermoplastic microfine fibers having an average fiber 
diameter of less than 1.5 microns, preferably between 0.5 and 1 .5 microns and more preferably between 0.8 and 1 .3 
microns. 

[0011] The meltblown web is sandwiched between and bonded to first and second nonwoven webs to form the 
composite nonwoven fabric of the invention. The outer webs can be, for example, spunbonded nonwoven webs or 

w webs formed of staple fibers. Preferably, the meltblown web is sandwiched between outer spunbonded webs and the 
layers of the fabric are bonded together via a multiplicity of thermal bonds distributed throughout the laminate. 
[0012] The thermoplastic microfine fibers of the meltblown component of the fabric are formed from any of various 
thermoplastic fiber forming materials known to the skilled artisan, such as polyolefins, polyesters, polyamides, and 
copolymers and blends thereof. Preferably, the polymer selected has a high melt flow rate as compared to polymers 

is used in conventional meltblowing processes, i.e., at least about 1000, and even up to 1200 and higher. 

[0013] The present invention also includes sterile wraps formed of the laminate nonwoven fabrics of the invention 
for wrapping about objects to be sterilized, as well as wrapped packages of sterilizable objects. Preferably the packages 
includes a single sheet of the sterile wrap of the invention. The sterile wrap exhibits excellent barrier properties, such 
as hydro head measurements, i.e., resistance to penetration of the fabric by water, of up to 80 cm water pressure, and 

20 up to 95%, and up to 98% and higher, efficiency against the passage of bacteria through the laminate fabric. 

[0014] The present invention also includes a process for the manufacture of the nonwoven laminate fabrics of the 
invention. It has been found that relatively high melt flow rate thermoplastic polymers, i.e., 1000 MFR or higher, can 
be attenuated in a heated high velocity air stream in such a way suitable for the stable production of microfine microfibers 
and concurrent formation of a low basis weight web. These conditions include controlling the attenuation conditions 

25 (e.g. attenuation gas velocity and temperature), as well as selecting an appropriate melt flow rate polymer, to promote 
formation of microfine microfibers and low basis weight webs without significantly impairing or adversely impacting the 
process conditions, i.e., formation of fly. 

[0015] Generally, the process conditions are selected so the attenuation gas velocity and temperature are increased 
up to ten percent and up to twenty-five percent and higher, relative to conventional processing parameters for a par- 
30 ticular polymer system. These parameters can be increased without forming undesirable amounts of fly to form micro- 
fibers having a greatly reduced average diameter size as compared to conventional meltblown webs. 

Brief Description of the Drawings 

35 [0016] Some of features and advantages of the invention having been stated, others will become apparent from the 
detailed description which follows, and the accompanying drawings which form a part of the original disclosure of this 
invention, and in which: 

Figure 1 is a fragmentary top view of a laminate fabric of the present invention, partially cut away to illustrate 
40 components thereof; 

Figure 2A is a perspective top view of a conventional "double wrapped" sterile package, partially cut away to 
illustrate the double sheet construction thereof; 

Figure 2B is a perspective top view of a single wrapped sterile package of the present invention, formed of the 
laminate fabric of Figure 1 , partially cut away to illustrate the single sheet construction thereof; and 
45 Figure 3 is a schematic side view of an illustrative process in accordance with the present invention for forming 

the laminate fabric of Figure 1 . 

Detailed Description of the Invention 

50 [001 7] The present invention will now be described more fully hereinafter with reference to the accompanying draw- 
ings, in which illustrative embodiments of the invention are shown. This invention may, however, be embodied in many 
different forms and should not be construed as limited to the embodiments set forth herein. Rather, this embodiment 
is provided so that the disclosure will be thorough and complete, and will fully convey the scope of the invention to 
those skilled in the art. Like numbers refer to like elements throughout. For purposes of clarity, the scale has been 

55 exaggerated. 

[0018] Figure 1 is a fragmentary top view of a laminate fabric of the present invention, designated generally as 10. 
Laminate fabric 1 0 is partially cut away to illustrate the individual components thereof. The fabric is a three ply composite 
comprising an inner ply 12 sandwiched between outer plies 14 and 16. The composite fabric 10 has good strength, 
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flexibility and drape and may be formed into various articles or garments such as sterile wraps, surgical gowns, surgical 
drapes and the like. The barrier properties of the fabric 10 make it particularly suitable for medical applications but the 
fabric is also useful for any other application where barrier properties would be desirable 

[0019] Outer ply 1 4 of the composite fabric 1 0 is a nonwoven web of spunbonded substantially continuous thermo- 
plastic fllaments. The spunbonded web 1 4 may be produced using well known spunbonding processes, and may suit- 
ably have a basis weight in the range of about 10to about 100 gsm. The thermoplastic filaments of ply 14canbemade 
of any of a number of known fiber forming polymer compositions. Such polymers include those selected from the qrouo 
consisting of polyolefins such as polypropylene and polyethylene, polyesters, such as polyethylene terephthalate) 
10 tSeof ^ POly(hexamethylene adi P*mide) and poly(caproamide), polyethylene, and copolymers and blends 

[0020] Outer ply 16 may be either a web of spunbonded substantially continuous thermoplastic filaments or a web 
of staple fibers. In the embodiment illustrated, ply 16 is a nonwoven web of spunbonded substantially continuous 
hermoplasfic filaments of a composition and basis weight similar to outer ply 14. The continuous filaments or staple 
fibers of outer ply 16 may be selected from the same polymers as described above for ply.14. Additionally, the staple 
fibers may be natural or synthetic fibers having hydrophilic properties to give one surface of the composite fabric 
absorbent characteristics. Examples of hydrophilic fibers include cotton fibers, wool fibers, rayon fibers, acrylic fibers 
and fibers formed of normally hydrophobic polymers which have been treated or chemically modified to render them 
hydrophilic. When ply 16 is a nonwoven web of staple fibers, the nonwoven web can be a carded web or a wet-laid 
web of staple fibers. 

*> [0021] In one aspect of this embodiment of the invention, ply 1 6 is a nonwoven web comprising a mixture of ther- 
moplastic staple fibers and absorbent staple fibers. The nonwoven web comprises the absorbent fibers in an amount 
sufficient to impart absorbency characteristics to the web. 

[0022] Inner ply 12 comprises a nonwoven fibrous web of meltblown thermoplastic microfibers. Specifically melt- 
blown web 12 is a nonwoven web comprising a pluraltty of thermoplastic microfine fibers 18. The microfine fibers of 
mettblown web 1 2 have an average fiber diameler of less than 1 .5 microns, preferably an average fiber diameter from 
0.5 and 1.5 microns, and more preferably from 0.8 to 1.3 microns. In addition, the basis weight of meltblown web 12 
is between about 1 and 20 grams per square meter ('gsm"), and preferably between about 1 and 12 grams per square 

i* ° f meltblown web 12 can be <° rmad "sing any of various thermoplastic fiber forming ma- 
terials known to the skilled artisan. Such materials include potyolefins such as polypropylene and polyethylene poly- 
esters such as polyethylene terephthalate), polyamides, polyacrylates, polystyrene, thermoplastic elastomers, and 
blends of these and other known fiber forming thermoplastic materials. The polymer selected preferably has a relatively 
high melt flow rate, as compared to conventional polymers used in meltblowing processes, as explained in more detail 
3S ™™ 1 ^rred embodiment, meltblown web 12 is a nonwoven web of polypropylene meltblown microfibers 
[0024] Advantageously, meltblown web 12 is electrically treated to improve filtration properties of the web Such 
electrically treated fibers are known generally in the art as "electref fibrous webs. Electret fibrous filters are highly 
efficient ,n filtering air because of the combination of mechanical entrapment of particles in the air with the trapping of 
particles based on the electrical or electrostatic characteristics of the fibers. Both charged and uncharged particles in 
4„ ,! h a ' r ; » ! S ' Ze 5 W ° Uld n0t be mechanicall V tra PP ed b y the filtration medium, will be trapped by the charged nature 

m% f m fo T M !' ,b,0Wn W6b 1 2 CaP b6 eleC,riCa " y lreated usi "9 techni " ues and a PP ara ^ know in the art 
[0025] Layers 1 2, 1 4 and 1 6 of the laminate fabric of the present invention can be bonded together to form a coherent 
fabnc using techniques and apparatus known in the art. For example, layers 12, 14 and 16 can be bonded together 
by thermal bond.ng, mechanical interlocking, adhesive bonding, and the like. Preferably, laminate fabric 10 includes a 
multiplicrty of discrete thermal bonds distributed throughout the fabric, bonding layers 12, 14 and 16 together to form 
a coherent fabric. 

[0026] In addition, as will be appreciated by the skilled artisan, laminate fabric 10 can include one or more additional 
layers to provide .mproved barriers to transmission of liquids, airborne contaminants, etc., or additional supporting 

[0027] Meltblown web 1 2 of the invention exhibtts a variety of desirable characteristics, which make the web partic- 
ularly useful as a barrier component in a laminate fabric, such as a sterile wrap. Because the microfibers of the web 
have extremely small fiber diameters, the surface area of the meltblown microfibers is greatly increased as compared 
to convent.onal microfibers. In contrast, conventional meltblown webs incorporated as a component in a face mask 
include microfine fibers having an average fiber diameter of about 1 .8 to 3.0 microns, and higher. Further, by incorpo- 
rating microfine fibers having an average fiber diameter of less than 1 .5 microns, the resultant meltblown web allows 
a packmg densrty which, combined with the high surface area provided by the microfine fibers, provides significantly 
improved barrier properties of the fabric. 

[0028] In addition, the basis weight of the meltblown web of the invention is greatly reduced, i.e. between 1 and 20 
gsm, and preferably between 1 and 12 gsm. In contrast, the basis weight of conventional meltblown webs used in 
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barrier applications typically have a basis weight from 20 to 40 gsm. As a result, meltblown web 12 can provide a 
lightweight component of a laminate fabric, and provide increased flexibility and ability to conform about objects, such 
as surgical items to be sterilized, without significantly impairing or diminishing the barrier properties of the web, for 
example, against passage of airborne contaminants and bacteria. Accordingly, although the meltblown web of the 
5 laminate of the invention includes both an average fiber diameter and basis weight well below that of conventional 
meltblown webs, the resultant web has excellent barrier properties. 

[0029] The superior barrier properties of the meltblown component 1 2 of the laminate fabric 1 0 of the present inven- 
tion makes the meltblown web a superior candidate as a component for disposable medical fabrics, including sterile 
wraps, where barrier properties are required but can be poorly delivered by existing commercial products. Accordingly, 

10 a laminate fabric 10 as described above can be used as a sterile wrap. 

[0030] Referring now to Figure 2A, a perspective top view of a conventional "double wrapped" sterile package, des- 
ignated generally as 30, is illustrated. The package includes at least two sheets 32 and 34 of a trilaminate fabric, 
wrapped about items 36 to be sterilized. The items to be sterilized can be surgical instruments, as illustrated, although 
as the skilled artisan will appreciate, the items can be any of the types of items which are sterilized before use. As 

15 noted above, to meet current industry standards of barrier protection, at least two sheets of a trilaminate fabric can be 
necessary to provide adequate barrier protection in a sterile wrap. 

[0031] In contrast, as illustrated in Figure 2B, the present invention also includes a sterile wrap 40 formed of the 
laminate fabric of the present invention, a single sheet of which can be wrapped about the items to be sterilized to form 
a single layer sterile wrap package 42. Specifically, Figure 2B is a perspective top view of single sheet sterile wrap 

20 package 42 of the present invention, partially cut away to illustrate the single layer construction thereof. 

[0032] The sterile wrap 40, and thus the sterile wrap package 42, of the invention exhibit excellent barrier properties 
and meet current industry standards without the need of "double wrapping" the sterilizable items. Accordingly, the 
present invention provides not only a superior barrier fabric, but also can provide increased efficiency in preparing 
items for sterilization by eliminating repetitive folding and securing steps required for double wrapping conventional 

25 barrier laminate sheets. Further, because a single sheet of the laminate fabric of the invention is used, bonding about 
the periphery thereof, which can result in decreased flexibility and increased difficulty in folding, can be avoided. 
[0033] Instruments contained within sterile wrap package 42 of the present invention can be sterilized using any of 
the techniques known in the art for sterilization of surgical instruments and other health care related items. Such ster- 
ilization techniques include steam sterilization at a temperature of about 250-280°F (121°C-138°C), ethylene oxide 

30 sterilization at a temperature of about 1 30°F (54°C), gamma irradiation, and the like. 

[0034] Referring now to Figure 3, an illustrative process for forming the meltblown web 12 and the laminate fabric 
10 of the present invention is illustrated: Figure 3 includes a simplified, diagrammatic illustration of an apparatus, 
designated generally as 50, capable of carrying out the method of forming a meltblown web in accordance with the 
invention. Conventional meltblowing apparatus known in the art can be used. 

35 [0035] In meltblowing, thermoplastic resin is fed into an extruder where it is melted and heated to the appropriate 
temperature required for fiber formation. The extruder feeds the molten resin to a special meltblowing die. The die 
arrangement is generally a plurality of linearally arranged small diameter capillaries. The resin emerges from the die 
orifices as molten threads or streams into high velocity converging streams of heated gas, usually air. The air attenuates 
the polymer streams and breaks the attenuated streams into a blast of fine fibers which are collected on a moving 

40 screen placed in front of the blast. As the fibers land on the screen, they entangle to form a cohesive web. 

[0036] The technique of meltblowing is known in the art and is discussed in various patents, e.g., Buntin et al, U.S. 
Patent No. 3,978,185; Buntin, U.S. Patent No. 3,972,759; and McAmish et al, U.S. Patent No. 4,622,259. 
[0037] In the present invention, process parameters of the meltblowing process are selected and controlled to form 
the microfine microfibers of the meltblown webs of the invention while minimizing or eliminating processing complica- 

45 tions, i.e., without concurrently forming substantial amounts of loose fibers, i.e., fly, which can interfere with processing 
efficiency and cause defects in the meltblown web. 

[0038] It has been found that relatively high MFR thermoplastic polymers, i.e., 1 000 MFR or higher, can be attenuated 
in a heated high velocity air stream in such a way suitable for the stable production of microfine microfibers and con- 
current formation of a microfibrous nonwoven low basis weight web. These conditions include controlling the attenuation 
50 conditions (e.g. attenuation gas velocity and temperature), as well as selecting an appropriate MFR polymer, to promote 
formation of microfine microfibers and low basis weight webs without significantly impairing or adversely impacting the 
process conditions, i.e., formation of fly. 

[0039] As will be appreciated by the skilled artisan, as the temperature and velocity of the attenuation gas increases, 
collection of the fibers can become more difficult. Indeed, elevated temperatures and increased attenuation gas ve- 
55 locities can result in the formation of fibers too short to be collected on the collection surface. For example, conven- 
tionally, to form microfibrous meltblown polypropylene webs which can be incorporated as a barrier layer in a nonwoven 
laminate fabric, attenuation process conditions are adjusted so that attenuation gas temperatures are from 515°F 
(268°C) to 525°C (274°C). Further, attenuation gas velocities conventionally are about 20 cubic feet per minute ( a cfm n ) 
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(0.6 cubic meters per minute) per inch (2.54 cm) of the width of the die 

l ^Jl!lVT Pe Tl e Vel0Ci,y °' ,he 938 iS inCreased beyond these ran9es ' fibers whi ^ ^e too short to be 
collected canbeformed, known as "fly. -These stray fibers tend to float in the air in the area surrounding the meltblowinq 
equipmen and can land on the formed web, thus creating a defect in the fabric. Further, elevated Speratures M 
gas velocities can result in the formation of "shot" or globules of solid polymer in the web ,em P eratures «* 

[0041] In the present invention, the inventors have found that despite conventional wisdom regarding the use of 

T^ollZTT ^ in ? re of ' Vel0Ci,ieS °' * he at,enUa,l '° n 93S ' these P^ess parameters can be increased 
oollr tk ^ UP 25 PerC6nt hi9her ' r6la,iVe tC conventi °^ Pressing parameters for a particular 

polymer system. These parameters can be increased without forming undesirable amounts of fly to form microfibers 

rnZ^u eat * re ^ 

[0042] This increase in processing parameters is further adjusted in accordance with the characteristics of the pol- 
IZrs iTn I 9 PrOC ! SSS f Tha1 iS ' P °' ymerS h8Ving hi9h melt f,0W ra,eS relative ,0 conventional meltblowing pol- 
led™ 1 mettb ' OWn W6bS d6SCribed aboVe by increasin 9 a » enuati °" 9as velocity and 
temperature. Typ^al^, meltblown websareformedlrompolymershavingameltflowrateof about 800 or lower belLed 
*?ZT ,0 h r , C ° heSIVene f and s,ren 9 th - Po 'y^rs having melt flow rates higher than about 1000 were believed to 
to Inn h ' Sm °° th att6nUa,i0n - H0WeV6r ' ,he inVen,ors have found that P<*"« having a melt flow rate up 
IJ^LtT™^ 10 ^ 9reater than 1200 Can be meltbl0Wn usin 9 ,he abova Nation Sr temperatures anS 
iTlr r V TZ 6 IS de ' ermined aCC ° rding 10 AS ™ ,est P rocedure D " 1238 and refers to the amount 

E M Z Z T 2? T 6 eX,rUd6d thr0U9h an ° tme ° f 3 Prescribed diame,er under a "ass °f 2. 1 6 kg at 230>C 
in 10 minutes. The MFR values as used herein have units of g/10 min or dg/min 

KLn AS T ! IOW L 3te (MFR) °' ,he P °' ymer increases ' for exam P |e to leve,s ab ove 2000, and greater the 
attenuation gas velocity and temperature do not necessarily have to increase as much as with polymers having a mett 
flow rate range from about 1000 to 1200 to achieve the same end product. Accordingly, all of these factors ie The 

ZTTZT ? 3nd ; emPeratUre ' 38 We " 35 ,he P °' ymer SyS,em USed ** - PO^er used, MFR 

to fo mT IS } 3 !k ' nt0 aCC ° Unt Wh9n d6,ermining ,he process P arameters for a P a ^ular potymer used 
to form the meltblown webs of the invention. 

KLrr, 6 ^! 6 ' t0 /° rm m6ltbl0Wn microfibers of a polypropylene polymer having a melt flow rate of about 1000 
the temperature of the attenuat.on gas can be increased to at least about 565°F (295°C) to 575»F (300'C) and even 

ZlTlteZ "° ^ ^ ^ 35 ^ appre * ated b the ski.led^n.TheZ- 

peratoreoftheattenuationgascan vary accordingthe particular polymersystem used. For example, to form a polyester 
mettblown web of the invention, attenuation air temperatures could range from about 580-F (£4*0 to about 660'F 
irlL?" °° conventional temperatures used of about 540°F (282°C) to about 600°F (315»C) 

add !!° n ' tbe h 8pe ! d °' attenuatbn 9 as ca " be in creased to at least about 25 cfm, and up to about 30 
cfm, per inch of the width of the meltblowing die, and higher. As the skilled artisan will also appreciate attenuation qas 

Itten 2 iL „° 9 f f l ! nUati ° n 938 GXitS 10 ,hS ° rifiCe ,hr ° U9h Which ,he P°'y mer ^"ded increases, for 

nozZ ZTn T? S SUPP 2 eqUa ' Vel0d,ieS " 3 9reater VOlUme ° f 9as wi " be P ushed throu 9h the gas supplying 
nozzles, thus in effect increasing the gas velocity. y 

52°of 6 J ,l e wo7 F J 9Ure . 3 ' 38 Sh ° Wn ' therm °P ,astic Po^er pellets of a polymer are placed in a feed hopper 

nil. k 2 de / 5 ? Wh8re th6y are hea,ed to a temperature sufficient to melt the polymer. Advantageous J the 
oftss than 1 onn T MMe * as wil1 be W*ted by the skilled artisan, polymers having a MFR 

and^rJJ ^° Canb f US edln f mb,na,bnwi,havisbreaki n9agent, such asaperoxide^icLegrades the polymer 
tn T h . k ra,e re ° f 10 ^ 8 P °' ymer Whth eXi,in9 tne extruder has a MFR of at least 1O00 W 

1 kn ° Wn in m ° lten P °* mer iS ,0fCed by ,he SCrew ,hrou 9 h c °nd uit 56 

into a spinning block 58 and the polymer is extruded from the spin block 58 through a plurality of small diameter 

cap.llar.es 60 into a high velocity gas stream, such as compressed air designated generally as 6^"^^ 
and velocity of the a, .s controlled as described above to form microfine meltblown microfibers having an aveTaqe f ber 
diameter of less than about 1 .5 microns. 9 average r.Der 

[0047] The meltblown microfibers are deposited onto a foraminous endless belt 64 and form a coherent web 66 

mot shorinTh I"" ? be ! t ? y 3 P3ir 0< COnSOlidatbn r0 " S 6a The r0llS °P tionally may include b^g elements 
S£2£ZZ L°h 3 re " e,pat,e : n J pfOVide a desired exte nt of Point bonding of the microfibrous web. At these 

r? Pr6S T ,S aPP " ed ' 1he ,ib6rS fUSS 1096,her ' resultin 9 in strengthening of the web structure 
[0048] The rmcrofibrous web 66 can then be electrically treated to impart an electrical charge to the fabric and thus 
mprovertsftrationcapabilities. Techniques 

S mLS microflbr ° lJS K web ca " 'hen be removed from the assembly and stored on a roll. Alternatively, as illustrated 
0050 f °, 7f , C8n c be ° n ,0 addi,i0nal ma n^cturing processes, as described in more detail below 

a 2 Irmed IT Z 'h T * ? ^ 66 iS fed throu 9 b consolidation rolls 68 and is combined with 

a pre-formed web 14 and preformed web 16, drawn from supply rolls 70 and 72, respectively, to form a laminate 74 
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[0051] As described above, at least one of pre-formed webs 14 and 16 can be spunbonded webs of continuous 
filaments. The spunbonding process involves extruding a polymer through a generally linear die head or spinneret for 
melt spinning substantially continuous filaments. The spinneret preferably produces the filaments in substantially equal- 
ly spaced arrays and the die orifices are preferably from about 0.002 (.005 cm) to about 0.040 (0.1 cm) inches in 
5 diameter. 

[0052] The substantially continuous filaments are extruded from the spinneret and quenched by a supply of cooling 
air. The filaments are directed to an attenuator after they are quenched, and a supply of attenuation air is admitted 
therein. Although separate quench and attenuation zones can be used, it will be apparent to the skilled artisan that the 
filaments can exit the spinneret directly into the attenuator where the filaments can be quenched, either by the supply 

10 of attenuation air or by a separate supply of quench air. 

[0053] The attenuation air may be directed into the attenuator by an air supply above the entrance end, by a vacuum 
located below a forming wire or by the use of eductors integrally formed in the attenuaior. The air proceeds down the 
attenuator, which narrows in width in the direction away from the spinneret, creating a venturi effect and causing filament 
attenuation. The air and filaments exit the attenuator, and the filaments are collected on the collection screen. The 

15 attenuator used in the spunbonding process may be of any suitable type known in the art, such as a slot draw apparatus 
or a tube-type (Lurgi) apparatus. 

[0054] Alternatively, at least one of webs 14 and 1 6 can be a carded web formed of staple length textile fibers, or a 
wet-laid or air-laid web of staple fibers, including bicomponent staple length textile fibers. While pre-formed webs 14 
and 16 are shown, it will be appreciated that the webs could be formed in a continuous in-line process and combined 
20 with meltblown web 66. It will also be understood that additional webs could be combined with meltblown web 66, on 
one or both sides thereof. 

[0055] The three-layer laminate 74 is conveyed longitudinally as shown in Figure 3 to a conventional thermal fusion 
station 76 to provide a composite bonded nonwoven fabric 10. The fusion station is constructed in a conventional 
manner as known to the skilled artisan, and advantageously includes bonding rolls. Preferably, the layers are bonded 

25 to provide a multiplicity of thermal bonds distributed throughout the laminate fabric. Because of the wide variety of 
polymers which can be used in the fabrics of the invention, bonding conditions, including the temperature and pressure 
of the bonding rolls, vary according to the particular polymers used, and are known in the art for differing polymers. 
[0056] Although a thermal fusion station in the form of bonding rolls is illustrated in Figure 3, other thermal treating 
stations such as ultrasonic, microwave or other RF treatment zones which are capable of bonding the fabric can be 

30 substituted for the bonding rolls of Figure 3. Such conventional heating stations are known to those skilled in the art 
and are capable of effecting substantial thermal fusion of the nonwoven webs. In addition other bonding techniques 
known in the art can be used, such as by hydroentanglement of the fibers, needling, and the like. It is also possible to 
achieve bonding through the use of an appropriate bonding agent as known in the art. 

[0057] The resultant fabric 10 exits the thermal fusion station and is wound up by conventional means on a roll 78. 
35 The resulting laminate provide superior barrier and filtration properties. In addition, the laminate also allows a sterili- 
zation medium, such as steam, ethylene oxide gas, and the like, to penetrate the fabric to sterilize objects contained 
within. 

[0058] The present invention is subject to numerous variations. For example, the polymers used in the present in- 
vention may be specifically engineered to provide or improve a desired property in the composite. For example, any 

40 one of a variety of adhesion-promoting, or "tackifying," agents, such as ethylene vinyl acetate copolymers, may be 
added to the polymers used in the production of any of the webs of the composite structure, to improve inter-ply ad- 
hesion. Further, at least one of the outer webs may be treated with a treatment agent to render any one of a number 
of desired properties to the fabric, such as flame retardancy, hydrophilic properties, and the like. 
[0059] Additionally, the fibers or filaments used in any of the webs of the composite structure may comprise a polymer 

45 blend or bicomponent polymeric structure. For example, in one embodiment of the invention, fibers employed in the 
carded web can be sheath/core or similar bicomponent fibers wherein at least one component of the fiber is polyeth- 
ylene. The bicomponent fibers can provide improved aesthetics such as hand and softness based on the surface 
component of the bicomponent fibers, while providing improved strength , tear resistance and the like due to the stronger 
core component of the fiber. Preferred bicomponent fibers include polyolefin/polyester sheath/core fibers such as a 

50 polyethylene/polyethylene terephthalate sheath core fiber. 

[0060] Additionally, although the method illustrated in Figure 3 employs a meltblown web sandwiched between two 
spunbonded webs, it will be apparent that different numbers and arrangements of webs can be employed in the inven- 
tion. For example, the composite nonwoven fabric of the invention may comprise a spunbonded/meltblown web com- 
posite. Alternatively, the meltblown web can be sandwiched between a spunbonded web and a carded web. Additionally, 

55 several meltblown layers can be employed in the invention and/or greater numbers of other fibrous webs can be used. 
Nonwoven webs other than carded webs are also advantageously employed in the nonwoven fabrics of the invention. 
Nonwoven staple webs can be formed by air laying, garnetting, and similar processes known in the art. 
[0061] The present invention will be further illustrated by the following non-limiting example. 
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Example 



[0062] Meltblown webs were formed by meltblowing polypropylene resins having a melt flow rate of about 1 250 The 
resin was meltblown ,at varying temperatures and air velocity speeds. The webs were electret treated using an apparatus 
of the Urwersrty of Tennessee, which can result in a fabric which can maintain the electric charge for a long period of 
time and maintain the charge to a large degree after the fabric is sterilized, for example using steam and/or gamma 
sterilization. The drop in pressure across the web (Delta P) as well as filtration efficiency was measured for each web 
The results are set forth below in Table 1 . 



Trial # 


gsm 


Diameter, u 


Air Perm cfm (m 3 /min) 


AP 


%BFE* 


1 


1.0 


0.8 


331 (9.4) 


0.3 


99.2 


2 


3.0 


1.1 


174(4.9) 


0.7 


99.5 


3 


5.0 


1.3 


144(4.1) 


0.8 


99.9 


4 


20.0 


1.7 


54(1.5) 


2.0 


99.9 


5 


42.0 


2.7 


57 (1.6) 


2.1 


90.4 



E i^lS^JSTS' ?f* "* ^ 3 ****** BFE (a bacteria fi,tration efficienc V) ™. 

Nelson Labs Test # AB010. Staphylococcus aureus was nebulized into a spray mist and forced through an aperture 

rJLl? Th COn ? C,6ria PaSSiP9 1hr ° U9h thS apertUre Were Ca P ,ured on a 9 ar P' a,es hew in an Andersen 

sampler. The same procedure was repeated with samples of the meltblown webs blocking the aperture of the conduit 

™* ? h f S ' ,he b3Cteria C °' 0nieS Were Counted The efficienc V °< fillrati °n was determined by 

compa mg the colony count on the plates with and without the meltblown web samples. Results are expressed as a 

r P <f ft c!, ?! resents the reduction of the bacteria colonies when the meltblown webs were in place 
[0064] The drop in pressure in millimeters (-mm") of water across each of the fabric samples was also measured 
using a constant flow rate (85 liters per minute) of air through a 100 square centimeter area of the web. As set forth in 
I lh m !i webs u exhib « * P^ssure differential from 0.3 to 0.8. Such a low differential in pressure across 
the webs provides excellent breathability, despite the ability of the webs to filter particles 

[0065] Tr.laminate fabrics including outer spunbonded polypropylene webs thermally bonded to various ones of the 

So hZ W k r eP ^ e ? b ° V «. W6re f ° rmed - A Vari6ty ° f pr ° perties of the lamina,e fabric we re measured, including 
hydro head, bacteria filtration efficiency (BFE) and the like. 

i°°onl ? e lr ; am ! nate fabrics exhibited BFE values (measured as described above) up to 95%, and even as high 

k wr.ri" 9 thiS measurement of barrier efficiency, the laminate fabrics of the invention can exhibit 

superior barrier and filtration properties. 

[0067] In addition, the ability of the laminate fabrics to withstand water pressure applied to one surface of the fabric 
before breachmg or impairing the barrier properties thereof were also measured. Specifically, the barrier protection of 
the laminate fabrics was evaluated in terms of centimeters of water pressure which can be withstood by the fabric 
before compromising the barrier thereof (referred to as "hydro head" measurements). A single sheet of the fabric of 
Lv^!^ I 0 " Ca " T J*" hy ? r ° hSad measu rements of up to 80 cm. For purposes of comparison, currently commercially 
l^mL^TV 3 me,tb ' 0Wn COmp0nen, ,0rm6d ° f 15 ,0 17 micron avera 9* diameter microfibers 

otatoul 75 to h ^ i meaSUrementS °' at best about 45 10 55 cm - ^d two sheets of this material exhibit a hydro head 

^c 681 ™ *? K her ' ,a , minate fabriCS ° f the inVenti ° n exhibit hi 9 h flexibilit y ('••■• ease of handling) and superior soft- 
avanable^ucte^ St6rilent PeneUati ° n and reSidual Value equal to or be,te r than thai provided by commercially 

[0069] The foregoing example is illustrative of the present invention, and is not to be construed as limiting thereof 
The invention is defined by the following claims, with equivalents of the claims to be included therein. 



Claims 

1. A composite nonwoven laminate fabric (10) comprising first and second nonwoven webs (1 4,1 6), a nonwoven web 
(12) of meltblown microfibers (18) sandwiched between and bonded to said first and second webs, said meltblown 
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having a basis weight between about one and twenty grams per square meter, and 

further including a plurality of thermoplastic microfibers of an average diameter of less than 1.5 microns and 
which are formed from a polymer having a melt flow rate of at least about or greater than 1 ,000. 

A laminate fabric according to claim 1 , wherein first and second nonwoven webs and meltblown web are bonded 
together via a multiplicity of thermal bonds distributed through out the fabric to form a coherent laminate fabric, 
said first and second nonwowen webs being of substantially continuous thermoplastic filaments. 

A laminate fabric according to anyone of claims 1 and 2 wherein the average diameter of the thermoplastic microfine 
fibers is between about 0.5 and 1 .5 microns, preferably between about 0.8 and 1 .3 microns. 

A laminate fabric according to anyone of claims 1 to 3 wherein the meltblown web has a basis weight between 
about one and twelves grams per square meter . 

A laminate fabric according to anyone of claims 1 to 4 wherein the meltblown web is electrically treated. 

A laminate fabric according to anyone of claims 1 to 5 wherein the microfine fibers of the meltblown web are formed 
of a polymer having a melt flow rate of greater than 1 ,200. 

A laminate fabric according to anyone of claims 1 to 5 wherein the microfine fibers of the meltblown web are formed 
of a polypropylene having a melt flow rate of at least about 1 ,000. 

Use of a laminate fabric according to anyone of claims 1 to 7 to form diposable medical fabrics, preferably sterile 
wraps. 

A single layer sterile wrap package obtained by wrapping a sterile wrap formed from a laminate fabric according 
to anyone of claims 1 to 7. 

A process for the manufacture of a nonwoven laminate fabric according to claim 1 comprising: 

forming a nonwoven meltblown web (12) having a basis weight between about one and twenty grams per 
square meter, including a plurality of thermoplastic microfibers of an average diameter of less than 1 .5 microns 
and which are formed from a polymer haying a melt flow rate of at least about or greater than 1 ,000, 
sandwiching the obtained meltblown web between opposing nonwoven webs (1 4, 1 6) to form a laminate fabric 
and 

bonding the webs together to form a coherent laminate fabric. 

11 . A process according to claim 1 0, wherein the step of bonding is a thermally bonding to form a multiplicity of discrete 
thermal bonding throughout the laminate fabric. 

40 

Patentanspruche 

1. Textiles nichtgewebtes Verbundlaminatflachengebilde (1 0), umfassend erste und zweite nichtgewebte Faserflore 
45 bzw. Krempelvliese (14, 16), einen nichtgewebten Faserflor bzw. KrempeMies (12) aus schmelzgeblasenen Mi- 

krofasern (18), der sandwichartig zwischen dem ersten und dem zweiten Faserflor angeordnet und damit verbun- 
den ist, wobei der genannte schmelzgeblasene Faserflor 

ein Basisgewicht zwischen etwa ein und zwanzig Gramm pro Quadratmeter hat und 

so 

weiterhin eine Vielzahl von thermoplastischen Mikrofasern mit einem mittleren Durchmesser von weniger als 
1,5 Mikron einschlieGt, die aus einem Polymeren mit einer SchmelzfluGrate von mindestens etwa 1000 oder 
groGer gebildet sind. 

55 2. Textiles Laminatflachengebilde nach Anspruch 1 , dadurch gekennzeichnet, daB der erste und der zweite nicht- 
gewebte Faserflor und der schmelzgeblasene Faserflor miteinander durch eine Vielzahl von thermischen Bindun- 
gen verbunden sind, die durch das Flachengebilde unter Bildung eines koharenten textilen Laminatflachengebildes 
verteilt sind, wobei der erste und der zweite nichtgewebte Faserflor aus im wesentlichen kontinuierlichen thermo- 
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plastischen Filamenten besteht. 

3. Textiles Laminatflachengebilde nach einem der Anspruche 1 und 2, dadurch gekennzeichnet, daB der durch- 
schnittliche Durchmesser der thermoplastischen mikrofeinen Fasern zwischen etwa 0,5 und 1 5 Mikron vorzuas- 
weise zwischen etwa 0,8 und 1,3 Mikron, liegt. vorzugs 

4. Textiles Laminatflachengebilde nach einem der Anspruche 1 bis 3, dadurch gekennzeichnet, daB der schmelz- 
geblasene Faserflor em Basisgewicht zwischen etwa ein und zwolf Gramm pro Quadratmeter hat. 

5. Textiles Laminatflachengebilde nach einem der Anspruche 1 bis 4, dadurch gekennzeichnet, da3 der schmelz- 
geblasene Faserflor elektrisch behandelt worden ist. 

6 ' SSm H Lamin K tfia ? he T bilde naCh Sinem d6r Ans P r0che 1 bi * 5, dadurch gekennzeichnet, daB die mikrofeinen 
Fasem des schmelzgeblasenen Faserflors aus einem Polymeren mil einer SchmelzfluBrate von groBer als 1200 

7. Textiles Laminatflachengebilde nach einem der Anspruche 1 bis 5, dadurch gekennzeichnet, daB die mikrofeinen 
11 Tnnn S S ^™ l2 9eblasenen Glebes aus einem Polypropylen mit einer SchmelzfluBrate von mindestens 
eiwa iuuu geDildet sind. 

irj 9 *? 6 ?!" ^i^^^ebildesnacheinemderAnspruchelbisTzurBildungvonmedizinischen 
textilen Wegwerfgebilden, vorzugsweise sterilen Umhullungen. 



8. 



9 



Sterile Ein-Schicht-Umhullungspackung, erhalten durch Einwickeln einer sterilen Umhullung, die aus einem tex- 
tilen Laminatflachengebilde nach einem der Anspruche 1 bis 7 gebildet ist. 

10. Verfahren zur Herstellung des textilen nichtgewebten Laminatflachengebildes nach Anspruch 1, umfassend: 

- Bildung eines nichtgewebten schmelzgeblasenen Faserflors bzw. Krempelvlieses (12) mit einem Basisgewicht 
zwischen etwa em und zwanzig Gramm pro Quadratmeter, der eine Vlelzahl von thermoplastischen Mikrofa- 
sern m.t einem durchschnrttlichen Durchmesser von weniger als 1,5 Mikron einschlieBt, die aus einem Poly- 
meren mit einer SchmelzfluBrate von mindestens etwa 1000 oder groBer gebildet sind 

- sandwichartiges Anordnen des erhallenen schmelzgeblasenen Faserflors zwischen gegenOberliegende nicht- 
gewebte Faserflore bzw. Krempelvliese (1 4, 1 6) zur Bildung eines textilen Laminatflachengebildes und 

- Verbinden der Faserflore miteinander unter Bildung eines textilen koharenten Flachengebildes. 

11 ' ^ re vrT Ch M AnSP , rU ? h 1 °' dadUfCh 9 ekennzeich " e *. daB die Stufe der Bindung eine thermische Bindung ist 
urn eine V.elzahl von diskreten thermischen Bindungen durch das textile Laminatflachengebilde hindurch zu bilden.' 

Revendications 

1 . Etoffe stratifiee non tissee composite ( 1 0) comprenant des premiere et seconde nappes non tissees (1 4 1 6) une 
nappe non t.ssee (12) de microfibres (18) soufflees a Petal fondu places en sandwich entre lesditee premiere et 
seconde nappes et hee a celles-ci, ladite nappe soufflee a I'etat fondu : 

- ayant un poids de base compris entre environ 1 et 20 g/m 2 , et 

- comprenant de plus une pluraiite de microfibres thermoplastiques ayant un diametre moyen inferieur a 1 5 
iim et qui sont formees a partir d'un polymere ayanl un indice de fluidite d'au moins environ 1 .000 ou plus.' 



2. 



3. 



la ;« vendication 1 ■ dans laquelle les premiere et seconde nappes non tissees et la nappe 
SrTnsemS £2 Tl T ^-T^ ^ l " mXerMre de liaisons thermiques distribuees 

non J, t r 1 r, ^ 8 ^ me ^ SUame COh6rente ' lesdites P remi6re et se °°nde nappes 

non tissees etant faites de filaments thermoplastiques pratiquement continus. 

Etoffe stratifiee suivant Tune quelconque des revendications 1 et 2, dans laquelle le diametre moyen des fibres 
microfines thermoplastiques est compris entre environ 0,5 et 1 ,5 pm, de preference entre environ 0,8 et 1 ,3 urn. 
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4. Etoffe stratified suivant Tune quelconque des revendications 1 a 3, dans laquelle ia nappe soufftee a I'etat fondu 
a un poids de base compris entre environ 1 et 12 g/m 2 . 

5. Etoffe stratifiee suivant I'une quelconque des revendications 1 a 4, dans laquelle la nappe souffled a I'etat fondu 
5 est soumise a un traitement electrique. 

6. Etoffe stratifiee suivant Tune quelconque des revendications 1 a 5, dans laquelle les fibres microfines de la nappe 
soufflee a I'etat fondu sont formees d'un polymere ayant un indice de fluidite superieur a 1 200. 

10 7. Etoffe stratifiee suivant Tune quelconque des revendications 1 a 5, dans laquelle les fibres microfines de la nappe 
soufflee a I'etat fondu sont formees d'un polypropylene ayant un indice de fluidite d'au moins environ 1 000. 

8. Utilisation d'une etoffe stratifiee suivant I'une quelconque des revendications 1 a 7, pour former des 6toffes a jeter 
a usage m6dical, de preference des enveloppes steriles. 

15 

9. Trousse formee d'une enveloppe sterile a couche unique obtenue par repliement d'une enveloppe sterile formed 
a partir d'une etoffe stratifiee suivant I'une quelconque des revendications 1 a 7. 

10. Precede pour la fabrication d'une etoffe stratifiee non tissue suivant la revendication 1, comprenant : 

20 

la formation d'une nappe non tissee (12) souffle a Idtat fondu ayant un poids de base compris entre environ 
1 et 20 g/m 2 , comprenant une plurality de microfibres thermoplastiques ayant un diametre moyen inferieur a 
1 ,5 u/n et qui sont formees a partir d'un polymere ayant un indice de fluidite d'au moins environ 1 .000 ou plus; 
ia disposition de la nappe soufflee a I'etat fondu ainsi obtenue en sandwich entre des nappes non tissees (14, 
25 1 6) se faisant face de facon a former une etoffe stratified et 

la liaison des nappes ensemble pour former une etoffe stratifiee coherente. 

11. Procede suivant la revendication 10, dans lequel I'etape de liaison est une liaison thermique de fa?on a former 
une multiplicity de liaisons thermiques discretes sur I'ensemble de Petoffe stratifiee. 

30 
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